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AbstrAct: Three species of the genus Belgrandiella A. J. Wagner, 1928 and Boleana umbilicata (Kuščer, 1932) 
from springs in Slovenia and Croatia were used for this study. All of them were originally described based 
on minor differences in shell morphology. Molecular data showed only small differences among all the 
nominal taxa, typical of intrapopulation variation. COI sequences of Boleana umbilicata and Belgrandiella 
kusceri were identical, and Boleana should be synonymised with Belgrandiella. The molecular data strongly 
suggest that all four nominal species represent one biological entity – a genetically variable species.
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INTRODUCTION
The truncatelloidean fauna of the Balkans is 
represented by numerous genera, many of them 
represented by many species (szArowskA 2006). 
Undoubtedly, it is one of the two species-richest 
areas in Europe. The long-term studies in the for-
mer Yugoslavia (rAdomAn 1973, 1975, 1976, 1983, 
1985) resulted in a long list of species and genera. 
The vast majority of those snails inhabit springs, po-
tentially isolated habitats, and thus high levels of en-
demism could be expected. This resulted in a high 
number of species, although not all of them were the 
real biological entities. In fact, apart from distribu-
tion, usually only the shell characters were consid-
ered, but the shell in the Truncatelloidea is both poor 
in taxonomically useful characters, and highly vari-
able. Thus, the species distinctness of the majority of 
those endemics remains an open question.
One of the hot spots in the region is the river 
Zrmanja in Croatia, 69 km long, its catchment area 
covering 907 km2; it is one of the European diversity 
hot spots of freshwater gastropods. It is inhabited by 
16 (five of them endemic, strong et al. 2008) or 22 
species (berAn 2011). The Truncatelloidea are rep-
resented by three species found in the brackish water 
part below the Jankovica Buk waterfalls, and by eight 
species in the freshwater part above Jankovica Buk. 
Four of the freshwater species: Belgrandiella krupensis 
Radoman, 1973, B. zermanica Radoman, 1973, Islamia 
zermanica Radoman, 1973, and Tanousia zrmanjae 
(Brusina, 1866) (= Lithoglyphulus tedanicus Schlickum 
et Schütt, 1971), were described from this part in-
cluding its tributary, the Krupa River.
In this study we checked the distinctness of the 
three species of Belgrandiella A. J. Wagner, 1928, and 
Boleana umbilicata (Kuščer, 1932), each from the 
type locality, and each regarded as endemic: we re-
examined their morphology, and compared their cy-
tochrome oxidase subunit I (COI) mtDNA partial 
sequences.
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MATERIAL AND METHODS
The specimens were collected at the following lo-
calities (Fig. 1):
1. Močilnik near Vrhnika; the main source of the 
Ljubljanica River, near the road Ljubljana-Postojna, 
Slovenia; several huge springs forming a deep pond 
with a bottom of sand, gravel and rock overgrown 
with rich vegetation; water comes from a couple 
of flat, rocky pools situated a few metres above 
the pond; 45°57’06”N, 14°17’44”E, 313 m a.s.l.; 
29.08.2001: Boleana umbilicata (Kuščer, 1932);
2. Rakovski potok [Crab stream], below Mali Naravni 
Most (small natural bridge) near Rakovski Skocjan, 
Rakek, Slovenia; a huge outlet from a big cave, 
all material sorted out of detritus from between 
rocks at the bottom of the brook; 45°46’39”N, 
14°11’08”E, 514 m a.s.l.; 29.08.2001: Belgrandiella 
kusceri (A. J. Wagner, 1914);
3. Krupa, a small spring by the Krupa River about 
140 m upstream of the bridge of the local road 
in Krupa, Croatia; 44°11’39.3”N, 15°54’34.5”E; 
17.08.2013: Belgrandiella krupensis Radoman, 1973;
4. Dramotići, a spring near the Zrmanja River 
downstream of waterfalls (left bank at a big 
rock, large spring overgrown by rich vegetation), 
Croatia; 44°11’31.6”N, 15°47’05”E; 29.06.2014: 
Belgrandiella zermanica Radoman, 1973.
Snails were collected by hand or with a sieve from 
the vegetation, stones or sediment. Individuals for 
molecular analyses were then washed in 80% ethanol 
and left to stand in it for ca. 12 hours. Afterwards, 
the ethanol was changed twice during 24 hours and, 
after a few days, 80% ethanol was replaced with 96% 
ethanol. The samples were then stored at –20°C prior 
to DNA extraction.
The snails were dissected using a NIKON SMZ18 
stereo-microscope with dark field, and shells and 
penes photographed with CANON EOS 50D digital 
camera.
For DNA, foot tissue was hydrated in TE buffer (3 × 
10 min.); then total genomic DNA was extracted with 
the SHERLOCK extracting kit (A&A Biotechnology), 
and the final product was dissolved in 20 μl TE buffer. 
The PCR reaction was performed with the following 
primers: LCO1490 (5’-GGTCAACAAATCATAAA-
GATATTGG-3’) (Folmer et al. 1994) and COR722b 
(5’-TAAACTTCAGGGTGACCAAAAAATYA-3’) 
(wilke & dAvis 2000) for the mitochondrial cy-
tochrome oxidase subunit I (COI) gene.
The PCR conditions were as follows: initial dena-
turation step of 4 min at 94°C, followed by 35 cycles of 
1 min at 94°C, 1 min at 55°C 2 min at 72°C, and a final 
extension of 4 min at 72°C. The total volume of each 
PCR reaction mixture was 50 μl. To check the quality 
of the PCR products 10 μl of the PCR product was ran 
on 1% agarose gel. The PCR products were purified 
using Clean-Up columns (A&A Biotechnology) and 
were then amplified in both directions using BigDye 
Terminator v3.1 (Applied Biosystems), following 
the manufacturer’s protocol and with the primers 
described above. The sequencing reaction products 
were purified using ExTerminator Columns (A&A 
Biotechnology); DNA sequences then underwent 
electrophoresis on an ABI Prism sequencer.
The COI sequences were aligned by eye using 
BioEdit 5.0.0 (HAll 1999). MEGA5.10 (tAmurA et 
al. 2011) was used to calculate pairwise p-distances, 
and maximum likelihood tree, applying Tamura 3-pa-
rameter model (nei & kumAr 2000).
RESULTS
The shells of Boleana umbilicata (Figs 2–3) are broad, 
bulky, and relatively big, although in Belgrandiella ku-
sceri (Figs 4–7) some shells are not smaller (Fig. 7). 
In Belgrandiella krupensis (Figs 8–11) and B. zermanica 
(Figs 12–15) the shells are smaller, in B. zermanica 
more slender than in B. krupensis.
Fig. 1.  Studied localities: 1 – Močilnik near Vrhnika (source 
of Ljubljanica River, Slovenia); 2 – Rakovski potok (be-
low Mali Naravni Most near Rakovski Skocjan, Rakek, 
Slovenia); 3 – Krupa (spring of Krupa River, Croatia); 
4 – Dramotići (spring of Zrmanja River, Croatia)
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The female reproductive organs do not show 
any differences between the four nominal spe-
cies (rAdomAn 1983, AF personal observations). 
The same concerns the penis in all three species of 
Belgrandiella. Only in Boleana it is bigger, and with 
a small, inconspicuous outgrowth at its left side 
(rAdomAn 1983, szArowskA 2006).
The thirteen studied sequences (GenBank num-
bers KT218510–KT218521), 684 bp long, show in-
trapopulation differences neither in Belgrandiella 
Figs 2–15. Shells of the studied nominal species: 2–3 – Boleana umbilicata, Močilnik; 4–7 – Belgrandiella kusceri, Rakovski 
potok; 8–11 – Belgrandiella krupensis, Krupa; 12–15 – Belgrandiella zermanica, Zrmanja
Table 1. p-distances between the studied sequences: 1–6 – Belgrandiella zermanica, 7–11 – Belgrandiella krupensis, 
12 – Belgrandiella kusceri, 13 – Boleana umbilicata
1 2 3 4 5 6 7 8 9 10 11 12 13
1. 9E10X
2. 9E10XR 0.0000
3. 9E10R 0.0000 0.0000
4. 9E11XR 0.0000 0.0000 0.0000
5. 9E11X 0.0000 0.0000 0.0000 0.0000
6. 9E11R 0.0000 0.0000 0.0000 0.0000 0.0000
7. 9L1R 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029
8. 9L2X 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0000
9. 9L3X 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0000 0.0000
10. 9L3XR 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0000 0.0000 0.0000
11. 9L3R 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0000 0.0000 0.0000 0.0000
12. 9L15 0,0044 0.0044 0.0044 0.0044 0.0044 0.0044 0.0015 0.0015 0.0015 0.0015 0.0015
13. 9L18 0.0044 0.0044 0.0044 0.0044 0.0044 0.0044 0.0015 0.0015 0.0015 0.0015 0.0015 0.0000
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krupensis (five sequences), nor in B. zermanica (six se-
quences). The p-distances between the four nominal 
species (Table 1) were in the range of 0.0000–0.0044, 
thus were typical of intrapopulation variation. It has 
to be stressed that the sequences of Boleana umbilicata 
and Belgrandiella kusceri were identical (Fig. 16). 
DISCUSSION
The high plasticity and thus intraspecific variation 
of the shell is commonly known, especially in the case 
of such minute and simple shells. Conchologically 
distinct but molecularly identical nominal taxa can 
occur sympatrically (e.g. wilke & FAlniowski 2001) 
and, conversely, molecularly identical snails collected 
at the same locality at different times can show evi-
dent differences in their shell morphology, reflected 
in principal component analysis (PCA) (FAlniowski 
et al. 2012), The shell alone cannot be the basis 
of species discrimination in the Truncatelloidea. 
However, according to rAdomAn (1983) congeneric 
species may not differ in their soft parts’ morphology 
and anatomy.
In Boleana there are two pairs of basal cusps on 
the central tooth, although one of them vestigial, 
and in Belgrandiella only one pair (szArowskA 2006). 
However, such differences can be found in several 
Truncatelloid species. The small lobe, or rather out-
growth on the penis of Boleana – the only morpholog-
ical difference compared to Belgrandiella – need not 
reflect distinctness of Boleana, especially since a rudi-
mentary lobe can be found on the penis of Belgrandiella 
as well. A much wider variation of the penis can be 
observed in e.g. Horatia klecakiana Bourguignat, 1887 
(rAdomAn 1983, szArowskA & FAlniowski 2014). 
Considering the identity of the studied sequences of 
Boleana umbilicata and Belgrandiella kusceri, the genus 
Boleana should be synonymised with Belgrandiella.
Certainly, the genetic differences in just one lo-
cus cannot definitely solve any taxonomic question 
at the species level. However, it is hardly imagin able 
that in such a fast-evolving sequence nothing has 
happened after a speciation event. Our molecular 
data strongly suggest that all four nominal species 
represent one real biological entity: one species, ge-
netically slightly variable. Consequently, the real lev-
el of endemism may be much lower than it is usually 
assumed. The studies on this genus, as well as on 
other “ endemic-rich” genera, should be continued.
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